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Introduction
Pancreatic neuroendocrine tumors (pNETs) are regarded to originate from neuroendocrine cells in pancreas. pNETs can be classified as functioning, which are characterized by specific symptoms and relatively satisfying diagnostic rates owing to the hypersecretion of hormones or non functioning based on the symptoms of spaceoccupying imaging diagnosis techniques such as computed tomography (CT) and magnetic resonance imaging (MRI) have the comparatively lower level of sensitivity in the tumor diagnosis and progression detection and can hardly play the predictive role in the realtime monitoring for every patient; accurate pathological classification and stage of the surgical/needled specimen can give rise to the prognosis prediction and nonoperative management guidance to some extents, but this is usually based on a fixed small biopsy sample that may not reflect the heterogeneity present in advanced tumors (2) . Additionally, as in other kinds of neoplasms, efforts are made to use selected circulating biomarker(s) to serve as the diagnosis forecaster, management instructions, monitoring of the efficacy of therapy and providers of the prognostic assessment (3) . Thus, the identification of such a useful serological marker is in pressing need.
Chromogranin A (CgA), the first identified representative of granins, is produced and excreted by granules within both the classical endocrine glands and the diffuse neuroendocrine system. CgA is physiologically released by exocytosis and can be detected in blood. The expression of circulating CgA is closely correlated with the amount of secretory gland; thus once a tumor develops in an endocrine tissue, it becomes the main source of circulating CgA (4, 5) . Although CgA is recommended as the practical histopathological biomarkers by the latest guidelines of the consensus from European Neuroendocrine Tumors Society (ENETs) as well as the World Health Organization (WHO) (6, 7) , the exploration of the clinical value of serum CgA for prediction of primary tumor load, therapeutic response and survival has not been sufficient in NFpNET patients. In addition, controversies still remain on the diagnostic value (8) , as well as the specific sensitivity and specificity of these measurable serum markers (9) .
In this study, our aims were as follows: we recruited NFpNETs, nonNETs neoplastic patients and healthy controls to investigate the clinical value of CgA assessment with respect to the neuronspecific enolase (NSE) in the diagnosis of NFpNETs with the best cutoff value. Here, we present the clinical characteristics of NFpNETs and the clinical value of serum CgA measurement in the evaluation of the relationship between the CgA concentration and those features; furthermore, we performed a combined test of CgA and NSE as a pair of oncological biomarkers to explore the value in NFpNET patients, and then provide clinicians with useful evidence for the surveillance and management of patients with NFpNETs.
Materials and methods

Patients and control group
This is a retrospective singlecenter clinical study performed at the Zhongshan Hospital, Shanghai, China. The study was approved by the Ethical Committee of Fudan University, and it followed the ethical guidelines of the Declaration of Helsinki. Related written informed consent was obtained from every recruited individual. Inclusion criteria of our research consisted of the availability of enhanced CT and MRI, and determination of CgA and NSE concentrations. Consecutive NFpNET patients with pathologically confirmed diagnosis and controls were enrolled in our study. Participants were separately divided into several groups for clinical evaluation from our center from December 2011 to March 2016. The functional NET patients were excluded through the pathological results. Patients who had the past medical history of the increased aspartate transaminase, alanine transaminase, total bilirubin concentrations or the increased creatinine concentration caused by other diseases, drug treatment with proton pump inhibitors (PPIs) companied by less than 2 weeks of drug withdrawal and lack of histological confirmation were excluded. All the tests of serum CgA were performed when patients were not in the active stage of some specific inflammatory disease, such as systemic rheumatoid arthritis, systemic lupus erythematosus and COPD. Patients receiving longterm somatostatin analogs were permitted. To ensure the accuracy of the test and research, NFpNET patients with the treatment history of other sources of tumors, namely noNET neoplasms, were also eliminated from our study (even if they are very rare).
As for the control group, our study included 307 individuals: 99 healthy individuals (including 50 males and 49 females, range 19-82 years) and 208 patients (including 110 males and 98 females, range 17-87 years) (consisting of nonNET neoplastic patients, such as pancreatic ductal adenocarcinoma, rectal adenocarcinoma and benign gastroenteropancreatic tumors, etc.). All the individuals in the control group were selected following the principle of randomness.
In our study, all the cases and pathological sections were reevaluated by another independent pathologist without the understanding of the tumor status according to the site of origin and criteria of the WHO and graded according to the ENETS proposal for grading and staging of NETs (10) . Specifically, the 2010 WHO classification uses tumorproliferative ability (including Ki67 proliferation index and mitotic rate) to divide NETs into three pathological grades: G1, G2 and G3. Of these, the G3 NFpancreatic neuroendocrine carcinomas (NECs) are defined as a tumor with Ki67 proliferation index greater than 20% or mitotic rate greater than 20 per 10 high power fields.
The measurement of analyte
Serum values of CgA were measured using an enzyme linked immunosorbent assay kit (IMRA, CisBio Bioassays Inc., France) according to protocol as the monoclonal antibodies in this kit capture human CgA proteins. The measurement range instructed by the manufacturer is between 7 and 870 μg/L and the recommended median normal value is 44 μg/L. In our study, decreased or increased serum CgA concentrations were defined as a decrease or an increase by at least 50% from the initial baseline; others were stable. The analytical coefficient of variation (CV) of CgA is 148%.
The concentration of serum NSE was measured by an electrochemiluminescence immunoassay automatic analyzer (Roche) and the recommended normal value is less than 15.2 μg/L. The analytical CV of NSE is 92%.
All the blood samples were collected in recruited individuals without any food intake or strenuous exercise to ensure standardization and precision of the results.
Imaging quantification of the primary tumor size and liver metastatic tumor burden
All the enrolled patients were subjected to multiphasic CT and MRI at the time of the initial evaluation. The image diagnostic reports were all assessed through a doubleblinded manner; for outpatients, the preoperative radiographic data must be printed for evaluation and measurement. Routinely, the changes of all the patients in the posttreatment phase were evaluated from enhanced highresolution (HR) CT with less than 5mm slices. Therefore, additional HRMRI can be performed under the condition that some obstructions can occur during the followup process.
Treatment and follow-up
All therapeutic protocols in our study group were implemented referring to the guideline of The National Comprehensive Cancer Network (NCCN) on Neuroendocrine Tumors (11) . Selected patients underwent potentially curative resection of primary tumors in pancreas with lymph node dissection; other enrollees were subjected to a tumor biopsy. Comprehensive treatments were performed for patients with or without liver metastasis including liveroriented strategies, such as hepatic segmental resection, hepatic transcatheter arterial chemoembolization or radiofrequency ablation, and systemic therapy, which was octreotide longacting release. Variances from imaging data in surgical area (location of primary tumor(s)) or liver metastatic tumor burden were defined as responses which include remission, partial response (PR), stable disease (SD), progressive disease (PD), progression, relapse and distant metastasis on the basis of response evaluation criteria in solid tumors (RECIST 1.1) (12) to assess the treatment response.
The data of preoperative clinical manifestations, radiographical information and blood biochemical examination, as well as the recovery processes were all recorded in all the NFpNET patients. After the discharge, all the patients regularly followed up through the outpatient clinics or phone calls, as well as the common essential information of the tumor progression was also recorded accordingly. The followup period was as follows: the first followup was performed within 2-3 months after the baseline and the subsequent followup cycles usually ranged from 3 to 6 months or even shorter which depended on the clinical situations and(or) tumor relapse or metastasis being suspected. Data of overall survival (OS) and relapse/metastasis time were also documented. Duration of OS was calculated from the date of baseline to the last followup or tumorspecific death. The relapse time was computed from the date of complete tumor remission to recurrence.
Statistical analysis
Statistical analyses were performed using the SPSS statistical package (19.0; SPSS). CgA data of controls with NFpNETs were used to construct the receiver operating characteristic (ROC) curve. The area under the ROC curve indicates the capability of biomarkers to discriminate between NET patients and controls; afterward, the sensitivity and specificity were calculated to determine the cutoff value. Pearson's χ 2 test and Fisher's exact test were used to compare proportions when appropriate, whereas means were compared using a nonparametric test: the Mann-Whitney test or the Kruskal-Wallis test was used when there were more than two means. Pearson correlation and nonlinear exponential regression analysis were also carried out.
OS analyses were carried out using the Kaplan-Meier method and the results were compared using a log rank test. A multivariable Cox proportional hazards model predicting OS was used using backward stepwise selection. Risk factors were expressed as the hazard ratio (HR, 95% confidence interval (CI)). Statistical significance was defined as P value less than 0.05.
Results
Clinical characteristics of recruited people
From December 2011 to March 2016, a total of 474 individuals (two patients were excluded because of the latestage renal failure and accompanied with the history of prostate cancer separately) were enrolled in our study, including 167 NFpNET patients, 208 nonNET neoplastic patients and 99 healthy individuals. Table 1 
The correlation between the diagnosis and the CgA concentration in NF-pNETs
In order to identify the diagnostic value of serum CgA for distinguishing NFpNETs from controls, the ROC curve and analysis were constructed by our CgA values in 167 NFpNET patients and 99 healthy controls. The most optimal cutoff value for NFpNETs indicated by our data was 62 μg/L, with 68.3% sensitivity and 85.6% specificity, and the Area Under Curve (AUC) was 0.83; in addition, with respect to the NSE on NFpNET patients without remission, the best threshold was 13 μg/L, resulting in a specificity of 63.7% and a sensitivity of 74.8%, with AUC index 0.71. Furthermore, when the two biomarkers were combined using the binary logistic modeling, AUC was significantly increased to 0.90 (Fig. 1) , which demonstrated that the elevated CgA and NSE concentrations provide a relatively high possibility of NET disease.
In our study, the CgA concentrations were statistically correlated with the tumor grade in welldifferentiated NFpNETs, demonstrating that the mean CgA indexes of G1 and G2 NFpNETs were, respectively, 78 μg/L and 153 μg/L (P = 0.02); however, they were not statistically significant between welldifferentiated pNETs and poorlydifferentiated pNETs (P = 0.09). For NSE, the mean values of G1, G2 and G3 PNETs were 13, 17 and 21 μg/L (P = 0.008), respectively, showing statistical significance on implications for diverse grades, as shown in Fig. 2 and CgA, chromogranin A; LM, liver metastasis; non-NETs, non-NETs neoplastic patients; NSE, neuron-specific enolase. Table 2 . Besides, on the aspects of pNETs, at its optimal cutoff for the prediction of LM determined by ROC curve analyses (in Fig. 3 and 
Indicative value of CgA concentration on primary tumor size and on liver metastasis tumor load
In the present study, the tumor size of NFpNETs on the pretreatment period was also recorded. For the enrolled outpatients, the preoperative radiographic data must be printed for evaluation and measurement. Of the 167 NFpNETs, 40.7% of the origin site was pancreatic head (n = 68), 52.1% was the distal pancreas (n = 87) and 7.19% was the neck and body of pancreas (n = 12). The median tumor diameter was 2.90 ± 1.81 cm, with the average diameters of males and females being 3.00 ± 1.63 cm and 2.50 ± 1.96 cm (P = 0.66), respectively. To determine the relationship between serum biomarkers and tumor sizes in NFpNETs, the scatter diagrams of tumor diameter and CgA (and NSE) distribution were drawn using the regression analysis ( Beyond that, when primary tumor diameter was regarded as less than 1 cm, 1-3 cm or greater than 3 cm, according to the scatterplot, the CgA concentration was correlated with the degree of tumor load extension (P < 0.001).
In our NFpNET patient group, all patients with metastatic disease presented with liver metastases, except for one patient who had the spinal bone metastases only (excluded already). 28.1% of the NFpNET patients have shown simultaneous or heterogeneous LM.
Figure 1
Receiver operating characteristic (ROC) curves separately demonstrating the diagnostic value of chromogranin A (CgA), neuron-specific enolase (NSE) and the combined markers in NF-pNETs; the areas under the curve (AUCs) were separately 0.83, 0.71 and 0.90; (1) the most optimal cut-off value of CgA for NF-pNETs indicated by our data was 61.8 μg/L, with 68.3% sensitivity and 85.6% specificity; (2) the best cut-off value of NSE for NF-pNETs was 13.2 μg/L, with 63.7% sensitivity and 74.8% specificity; (3) the binary logistic regression modeling was used to construct the curve; the AUCs were significantly increased. For recruited NFpNET patients, the mean CgA value of patients with and without LM was, respectively, 230 ± 22 μg/L and 84 ± 6 μg/L (R square: 0.14, P < 0.0001). Meanwhile, the serum NSE concentration showed a similar statistical trend on LM from regression analysis (mean values: 20 ± 2 μg/L vs 14 ± 0.2 μg/L, R square: 0.04, P < 0.0001) (Fig. 5, (1, 2) ). In addition, scatterplots based on linear regression were manufactured for the relations between metastatic liver tumor burden (X) and CgA (Y) concentration (Y = 0.8823*X + 119.6, F = 53.93, R = 0.2932, P < 0.001); with respect to NSE concentration, no differences were found from the analysis (Y = 0.007240*X + 19.24, F = 0.25, R = 0.002062, P = 0.61) (Fig. 5, (3, 4) ). Further to the observation, the elevated serum CgA concentrations have a stronger influence on hepatic tumor load spread compared with NSE concentration if both biomarkers were evaluated simultaneously. On the followup process, we obtained additional evidence for the assumption that a sudden and rapid increase in serum CgA in patients with metastatic disease (included in the PD group) serves as an indicator of tumor progression.
CgA and NSE as a pair of predictive biomarkers on therapeutic response and survival in NF-pNET patients
The median followup time was 55.5 months. Concerning the therapeutic response of NFpNETs, patients defined as demonstrating a PR and a complete response (namely remission) (n = 133) during the treatment process had decreased CgA concentration, whereas patients regarded as having PD/relapse (n = 83) had increased CgA concentration, (Fisher's exact test, P < 0.001) ( Table 4) . The results of the univariate analysis are listed in Table 5 . Multivariate analyses demonstrated that serum CgA, primary tumor diameter and age were independent risk factors for tumor recurrence and OS.
To investigate the prognostic value for OS of CgA and NSE, Cox regression analyses were performed. Figure 6 summarizes the comparison of OS in different marker concentrations in welldifferentiated NFpNET patients and NFpNEC patients, respectively. The median survival time for all the 167 recruited NFpNET patients was 50.3 ± 6.3 months. From our study, welldifferentiated NFpNET patients of the elevated CgA concentration subsection showed a significantly lower OS than those in the normal CgA concentration subgroup or decreased CgA concentration subgroup (P < 0.0001; mean OS: 29.3, 50.3 and 51.2 months, respectively). Among them, there was no significant difference of the OS between the normal CgA concentration subgroup and the decreased CgA concentration subgroup (P = 0.06). Besides this, the concentration of NSE also showed significance of OS in welldifferentiated NFpNET patients (P = 0.007; mean OS: 26.3 months and 44.6 months). However, for NFpNEC patients, our data showed no significance of OS between the elevated CgA concentration subgroup and the normal/ decreased subgroups. CgA, chromogranin A; NSE, neuron-specific enolase.
Figure 3
Receiver operating characteristic (ROC) curves separately demonstrating the value of chromogranin A (CgA), neuron-specific enolase (NSE) for the prediction of LM in NF-pNETs (A) and NF-p-NECs (B); specific areas under the curve of each biomarker are enumerated in Table 3 ; P-value ≤0.0001.
For the combined monitoring of CgA and NSE for all the NFpNET patients, the elevated expression of both serum CgA and NSE showed a shorter OS than monotonously elevated or sustained biomarkers in welldifferentiated NFpNET patients (P < 0.001; OS: 23.2, 38.6 and 49.6 months, respectively). Nevertheless, same statistical difference did not appear in NFpNEC patients (P = 0.13).
Discussion
Since the concept of NETs is familiar (13) and the patients have to visit the surgeons, a biomarker which reflects the status of CgA test is desirable. Some studies concerning the clinical role of CgA were identified but the volume of the exploration for the diagnostic value of CgA was low (9, 14, 15) . Meanwhile, majority of the research included a relatively small size of samples because NETs are a kind of rare disease. Our study demonstrated in accordance with the previous reports (16) that serum CgA is an effective diagnostic biomarker in NFpNET patients and the measurement of circulating CgA can be used as a specific diagnostic tool for the prediction of NETs in different treatment periods. Therefore, because of the heterogeneity of the NETs, the anatomically wide distribution of the endocrine system in human beings and the lack of standardized test methods and research design, it is difficult to determine the role of CgA in NETs with previous studies. In our research, 474 individuals with informed consent from either clinics or surgical wards were recruited (containing a quite volume of people in both research cohort and control cohort). In addition, evaluation of the primary/metastatic tumor burden and the therapeutic response as well as the treatment choices were performed based on international standards (11) . In order to avoid the objective bias on the scientificity, utility and veracity in monitoring and assessing the CgA concentration (such as PPI drugs and food intake, baseline renal failure, etc.) of NFpNETs and controls, a series of strict inclusion and exclusion criteria were formulated for the study. Furthermore, both the pathological type and the test index were reconfirmed by another independent and professional doctor from related medical departments. Table 3 Diagnostic performance of CgA, NSE and combined biomarkers on NF-pNETs for LM. Here, we provide additional evidence that CgA concentrations are predictive for tumor activity. CgA can be regarded as an early biomarker of NFpNETs, which was significantly correlated with the tumor grade, and presented to show better pertinence than NSE in well moderate NFpNETs; however, our data indicated that the CgA and NSE values of distinguishing NETs from NECs were not significantly valid (P = 0.09). As indicated by our data, the corresponding sensitivity and specificity were 68.3% and 85.6% in NFpNETs, which are generally consistent with the previous reports (9) . What is more, the AUC has dramatically increased when the circulating NSE biomarkers were added to the test with CgA, which shows a promising trend for the diagnosis of NFpNETs. On primary tumor load in NFpNETs, our study preliminarily indicated that there was a correlation between primary tumor diameters and CgA concentration, while increased NSE concentration did not showed the significance.
Tumor recurrence and metastasis were widely recognized as the most essential factors regarding the survival and prognosis of patients. Our study had a more practical approach for the pNETs at present. Comparing the CgA concentration from the LM subgroup and no LM subgroup by linear regression, CgA was significantly associated with LM tumor burden and showed the relation to the extent of liver metastatic spread. Data on CgA response of diverse status from this study are someway different from those of Kos (17), who found a significant CgA decrease in only the subgroup of NET Figure 5 The correlation between liver metastasis and our biomarker concentrations in the NF-pNET group; (1) CgA concentration was related to the LM of NF-pNETs (P < 0.0001). (2) NSE concentration was correlated with LM (P < 0.0001). (3) The CgA concentration correlated with liver metastatic tumor burden and there was a linear regression between them. (4) The NSE concentration correlated with liver metastatic tumor burden. CgA, chromogranin A; NF-pNETs, nonfunctional gastroenteropancreatic neuroendocrine tumors; NSE, neuron-specific enolase. patients with high basal CgA concentration. We found that the CgA concentration of complete response to treatment demonstrated a downward trend and had no difference compared with the control cohort (P < 0.0001). Moreover, it must be noted that their subgroup of PR NET patients with slightly elevated basal CgA concentration was heterogeneous with a previous radical surgery in other hospitals accompanied by unclear medical history statement in some cases. It is obvious that the PD cohort patients showed higher CgA and NSE concentrations (P < 0.001), in accord with the conclusion that a >30% increase in CgA concentration after acute systematic therapeutic administration has a relevant prognostic value as previously reported (18) . The molecular mechanisms of analyte for NETs were widely explored in recent years, as an on/off switch and CgA which control the densecore secretory granule bio genesis in endocrine cells. The synthesis of CgA itself can be regulated by hormones and can serve as a guide in controlling hormone secretion (8) . Studies have also reported that the combination of CgA and other serum biomarkers can be recommended in patients with well differentiated NETs (5). The clinical values of serum CgA and NSE were explored from our data. Moreover, a preliminary integrated monitoring of serum CgA and NSE was conducted in this study. In our study, of the prognostic parameters for OS, CgA was the most significant, and the combined detection of CgA and NSE was a more accurate prognostic variable for welldifferentiated NFpNET patients. Kaplan-Meier curves clearly indicate an association between CgA and NSE concentrations and survival (Fig. 6) . Considering a majority proportion of WHO G1 and G2 NFpNET patients, it is clear that within all histological NFpNET groups, a combination of multiple biomarkers proved to be more sensitive for identifying and discriminating the disease than each marker alone.
However, there are still some possible limitations for the combined monitoring: the first factor is related to monotonous category of NFpNETs; the clinical values of such a pair of serum oncological markers in NETs from gastrointestinal or other systems were not explored. The anatomical complexity with varied range of histology and the diversity of treatment options in gastrointestinal tract make the research difficult to perform. Furthermore, more detailed research works of the tumor indicators for prediction of NETs in specific organs are still required in the future.
In summary, we found that the sensitivity and specificity of CgA are optimal and are good biomarkers in patients with NFpNETs; NSE enhances the diagnostic value of CgA for NFpNETs. We also proved the value of combined test of CgA and NSE in reflecting primary and metastatic tumor burden(s), indicating therapeutic response during treatment. Furthermore, the combined test of CgA and NSE revealed a more certain and accurate significance correlated with clinical characteristics and, particularly, the prognosis.
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